To date, Ukraine's mature gas fields, which are being developed in the gas regime, are at the final stage of development, which is characterized by a significant depletion of reservoir energy. The final stage of development requires solving complex problems related to watering wells, destruction of the reservoir, removal of formation water and mechanical impurities, increasing back pressure in the system, as well as the moral and physical wear and tear of industrial equipment. In the conditions of falling gas production, a significant part of the operating well stock is unstable, in the mode of unauthorized stops due to the accumulation of liquid at the bottom and insufficient gas velocities for removal to the surface, and also the accumulation of the liquid phase in the lowered places of the gas gathering system.
Introduction
The efficiency of exploitation of hydrocarbon deposits is determined by the reliability of forecasting the technical and economic indicators of their development. Most of Ukraine's unique deposits are significantly depleted and are at the final stage of development, characterized by an increase in non-productive losses of reservoir energy in all elements of the gas production system. They are associated with the formation of sandy-clay and liquid stoppers at the bottom of the well, hydrate and liquid flowlines in gas collectors and inter-field gas pipelines, restriction of gas flow rates at wellheads by throttling devices and other factors.
The accident-free operation of the gas production system is an extremely important issue that the engineers face in the process of developing gas condensate fields. This is due, in particular, to the transition of most fields to the final stage of development. Therefore, it is the choice of the optimal operating mode for wells and the system for collecting and preparing gas products that can ensure the stable operation of the gas production system in the context of the "formationwell -flowline -gas processing facility (GPF) -booster compressor station (BCS) -inter-field gas pipeline -main facilities (MF)."The most significant factor complicating the operation of the well in such conditions is the accumulation of liquid at the bottom of the well, as well as in the lower sections of the flowlines and pipelines. That is why ensuring the delivery of liquid from the bottom of the well to the surface can significantly improve the operational characteristics of the wells and ensures its stable operation.
Modern hydrocarbon production systems require the creation of projects for the safe and cost-effective transport of extracted fluid from the formation to integrated production facilities. An important task of the operation of such systems is the optimization of hydrocarbon production to ensure maximum economic returns. The extensive capabilities of the modeling tools for pipeline gas gathering systems and the volume of functions inherent in them have made an advantage in selecting the tool for simulating the PipSim® Schlumberger multipurpose steady flow simulator.
Materials and methods of research
To date, due attention has been paid to the issue of mutual elements of the complex geological and technological system "formation -well -flowline -gas processing facility (GPF) -BCS -inter-field gas pipeline -MF". The consequence of this is irrational reconstruction of industrial systems in conditions of active watering of wells at the final stage of operation. In most cases, the development of a number of fields with significant reserves does not provide for the equipping Engineering of wells with means of instrumentation and automation, which considerably complicates the control and management of the hydrocarbon production process.
In such conditions, it is necessary to develop a set of models and algorithms for optimizing the management of the elements of the gas production system "formation -well -flowline -GPF -BCS -inter-field gas pipeline -MF" in fields with significant hydrocarbon reserves, taking into account the conditions of the final stage of development.
The object of research is three separate gas gathering systems of the Opishnia OGCF, the Western arch of the Berezivka gas condensate field (GCF) and the Kotelva gas condensate field, as well as the system of inter-field gas pipelines for gas supply to the final collection point of the Solokha MF (Solokha BCS) of JSC UkrGazVydobuvannya (Company) (Kyiv, Ukraine).
Systems of equations were used as a mathematical model of the geologic-technological model of the "formation -well -flowline -GPF -BCS -inter-field gas pipeline -MF" of the Opishnia, the Western arch of Berezivka and Kotelva fields. The solutions of these are implemented in the PipeSim® "Schlumberger" software. The well is modeled from the formation. The inflow equation is the flow inflow model to the "Jones" face [1] . As initial data, reservoir pressures and temperatures and the dependence of the dynamic bottom-hole pressure on the gas flow rate on the results of the latter at the time of the gas dynamic analysis of the wells are introduced.
The work of the wells is modeled on a segment from the middle of the perforation interval and to the wellhead nozzle. Enter the depth of the trunk, the diameter of the production string and tubing, the roughness, wall thickness, heat transfer coefficient (if necessary, calculated), the temperature of the environment around the barrel.
The gas gathering flowline appears approximately as a horizontal pipeline. The internal diameter of the pipe is introduced, the roughness, the wall thickness of the pipeline, the heat transfer coefficient (if necessary, calculated), the temperature of the environment in which the pipeline is laid, the gas pipeline profile.
GPF operation is modeled in a simplified form -the dropping liquid is separated before the BCS, based on the accumulated statistical information, the pressure loss and temperature values before the BCS and before connecting to the inter-field gas pipeline are entered.
BCS is represented by the following parameters: drive power, polytropic efficiency, gas flow rate at the compressor inlet, reduced polytropic pressure, compressor speed.
The system of inter-field gas pipelines is represented by a network of pipelines from three GPF to the MF.
Since the amount of gas coming from wells (gross production) differs from the amount of gas supplied to the inter-field gas pipeline (commercial production), it is therefore necessary to simulate pressure losses and gas volumes for the own needs of the fields. In the model, these losses are modeled using the "multiplier" module -on the basis of accumulated long-term statistics, a part of the gas is artificially separated from the inter-field gas pipeline.
Thus, the model of the gas production system of these deposits unites all elements of the geological-technological chain from the formation to the MF.
The component gas composition is set in accordance with the results of chromatographic analysis in the option "PVT file", it is unchanged throughout the area of the deposit. Here, the moisture content of the gas is also set depending on the thermobaric conditions in the borehole region.
The Peng-Robinson dependence [2] is used as the equation of state. After building the model, its adaptation to the actual data is necessary. By this is meant the selection of equations, there is in the software PipeSim® "Schlumberger", which allow with the least error to calculate the pressure losses in the wellbore, the wellhead and the gas network.
Given that wells are not equipped with instrumentation and automation tools, adaptation of the model is extremely complex. Direct measurement of gas consumption is carried out only when carrying out gas dynamic studies of wells and the address scheme of the working flow, so these data form the basis of the methodology for adapting the model.
In [3, 4] , an analysis was made of the methods for calculating the pressure gradient for the motion of gas-liquid mixtures and a conclusion was drawn on the complexity of choosing a universal equation for the entire variety of boundary conditions in the wells. Production of wells of Engineering selected deposits is a gas-liquid mixture with a variable volume content of water along the length of the tubing as a result of its condensation.
The PipeSim® "Schlumberger" software contains more than 20 methods for calculating the pressure gradient for vertical and slightly inclined (up to 45°) flow. When the water content in the stream in the estuarine conditions is less than 2000 mm 3 /m 3 (they are in the range of 1400 mm 3 / m 3 at the deposit), they give close results. For practical calculations, the "No slip Assumption" technique is used [1] . A low error is also provided when using the "Lockhart & Martinelli" and "Mukherjee & Brill" correlations [4] [5] [6] [7] [8] .
For the selection of the equation, the gas flow rate is measured, which is measured by the diaphragm gauge of the critical current, and the slaughter pressure, measured by a deep gauge or calculated through the annulus pressure by the barometric formula for a real gas column in the annulus [9] .
If the geological and technical state of wells is complicated (the inflow of bottom water into the face, the presence of a sandy-clay flowline on the face, the seizure of tubing, etc.), an addressable friction factor is used to adjust the model and take into account additional hydraulic resistances.
The PipeSim® Schlumberger software contains 3 equations for critical gas flow (for all wells in the field, the condition for critical gas flow in the fittings is maintained). The collection of the actual information for the selection of the equation for the critical gas flow is carried out according to the following algorithm:
1) measurement of pressures before and after the nozzle when working in the gas gathering network;
2) switching wells to the atmosphere through a diaphragm flow meter; 3) regulation of the well operation parameters by a corner fitting to the installation at the wellhead of the pressure equal to the wellhead during its operation in the gas gathering network (measuring the working flow rate of the well).
Thus, the information for the adaptation of the model is obtained. Further, the pressure is introduced into the model before and after the nozzle, its diameter (to regulation), and the gas flow rate is calculated. The equivalent diameter of the nozzle is determined by the marks on the needle of the union. In the case when a club is used as a chimney, its actual diameter is taken. This information is provided by the extraction department. By comparing the calculated and actual values, a conclusion is made about the correctness of the calculation.
Experimental researches
In this paper, simulation of a static multiphase flow in the PipeSim® "Schlumberger" software is performed.
PipeSim® "Schlumberger" provides the ability to optimize wells based on integrated modeling of the technology of opening the seams and mechanized mining systems. The software complex allows to diagnose complications limiting the producing potential of wells and optimize the operating mode of the mining fund using estimated measures to increase production.
The simulator implements the work of three separate gas gathering systems of the Opishnia OGCF, the Western arch of the Berezivka gas condensate field and the Kotelva gas condensate field, as well as the operation of the system between the inter-field gas pipelines of the gas supply to the Solokha MF. The created gas gathering network is linked to the GIS Map service area by real data, which reflects the actual location of the objects. Adaptation of working models is carried out on the basis of the analysis of the operation of industrial facilities and equipment according to the parameters specified in the technological regime and the report of field operations. The architecture of building models is shown in Fig. 1 [1, 10] .
The component composition and physicochemical properties of the producing gases along the wells of the group of deposits in question were determined on the basis of processing the results of gas condensate studies conducted by employees of UkrNIIGaz in the period from 2008 to 2018. For wells on which gas condensate studies were not conducted, the composition of the component mixture was adopted by analogy. The analogy was carried out taking into account the discovery of the same productive horizons with similar existing thermobaric conditions of occurrence [10] .
Fig. 1. The process of building models
The component composition of commercial gas was determined by the results of physicochemical indicators of the quality of natural gas obtained in the physico-chemical laboratory of the GPD "PoltavaGasVydobuvannya".
In order to create a more accurate PVT model for the calculation of the formationwell -flowline -GPF -BCS -inter-field gas pipeline , the authors of this project, on the basis of well-known operating instructions and methodological guidelines [11] [12] [13] , "breakdown" of the producing gases into heptane + above, and commodity -to n-deans + above.
Models of properties of well fluids in the Opishnia OGCF, the Western arch of the Berezivka gas condensate field and the Kotelva gas condensate field and fluids of the inter-field transportation system from the Opishnia GPF , Berezivka GPF, Kotelva cycling process unit (CPU) to Solokha MF were developed and adapted in the Fluid manager Compositional program module and physico-chemical properties of the gas, as well as taking into account the values of the gas-water factor presented in the report of the daily reporting of hydrocarbon production. As a basis for these deposits, a model of fluid inflow to the "Jones" face was applied [1, 10] .
As a result of the work, the phase equilibrium curves found in the PipeSim® "Schlumberger" working models were obtained, which allows the creation of well models quickly and efficiently, which helps to maximize production and determine reservoir potential. The program simulates a multiphase flow from the formation to the wellhead, taking into account all the influencing factors.
Models of wells of the Opishnia OGCF, the western arch of the Berezivka gas condensate field and the Kotelva gas condensate field are constructed using the Well Editor built-in editor. Well construction data were used to construct the well design, as well as fluid models created in the PipeSim® Schlumberger software in the previous stage. Due to the availability of only obsolete data on well productivity, the coefficients of the filtration resistance A of productive horizons were listed and adapted to the operating parameters of the technological regime and the report of the daily reporting of hydrocarbon production for February 2018
The graph of the inflow function for the example of the No.1 well of the Opishnia OGCF is shown in Fig. 2 .
The next step was the creation of a gas gathering network model. The gas gathering system is determined by the configuration and size of the deposit, the grid of placement and production rates of individual wells, the number and characteristics of productive horizons, the technological scheme of field gas preparation for transport, the requirements for reliability of gas supply from the fishery. At this stage of the work, the collection network was modeled in the form of complete Engineering systems, taking into account the interaction of various components, such as wells and trails, are involved in common collection systems. The wellhead pressure and the capacity of the gas gathering network are influenced by the counter pressure applied to the production system. Modeling of the collection systems allows to determine the effects from the change in the number of wells, increase in depression, looping of pipeline lines, changes in inlet pressure in the process line for gas preparation, and the like. In this module, the construction and calculation of the collection system are considered to evaluate the performance of a full-scale mining system.
The models are three separate gas gathering systems of the Opishnia OGCF, the western arch of the Berezivka gas condensate field and the Kotelva gas condensate field, where the network combines the producing gas wells into a closed collection system and delivers the combined stream to the final collection point. The previously created models of wells with a composite fluid were added to the network and connections (gas lines -flowline) were used, which allowed creating a gas gathering network with geo reference to the GIS Map service site based on real data that reflects the actual location of the objects (Fig. 3) . The data of the geometric profile are shown in Fig. 4 on the example of flowlines of wells No. 1 of the Opishnia OGCF.
The created models of gas pipeline-flowlines are adapted to the current state, characterized by the data of the technological regime and the report of the daily reporting of hydrocarbon production.
Based on the developed models of the gas gathering system of deposits in the program module Network simulation, the working parameters of the "reservoir-slaughter-estuary" system are calculated taking into account the counter pressure at the inlet of the GPF. The obtained results are compared with the data of the technological regime and the report of the daily reporting of hydrocarbon production.
Engineering
In the subsequent authors, the models were linked to GPF. At its core, this system is a system of inter-field gas pipelines, for collecting gas from the GPF and submitting it for the integrated preparation of Solokha MF. In fact, the system consists of: -low-pressure gas pipelines for supplying gas from low-pressure wells without compressing the gas of the Opishnia OGCF and the Berezivka OGCF (operating pressure within 12 atm) at the Kotelva CPU -high-pressure gas pipelines for supplying gas from Berezivka, Kotelva and Opishnia gas wells and compressed gas at the BCS of the Opishnia OCGF and the Kotelva CPU on the Solokha MF.
A model of the system has been created between inter-field gas pipelines connecting Berezivka OCGF, Kotelva CPU, Opishnia OGCF and Solokha MF, Solokha BCS adapted to the actual state, characterized by summary data and is shown in Fig. 5.   Fig. 3 . The gas gathering system of the Opishnia OGCF 
Analysis of the created models of the gas production system
After analyzing in the software modules Nodal analysis and P/T profile for each well of the Opishnia oil and gas condensate field, the Western arch of the Berezivka gas condensate field and the Kotelva gas condensate field, the following results were obtained:
-plots of inflow-outflow of fluid at the nodal point at the bottom of wells; -well productivity; -state of fluid flow regimes in wells; -state of high-speed operation modes of wells; -volumes of fluid accumulation at the bottom of wells.
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Engineering
Analyzing the results obtained for the well fluid injection of the above fields, it is clearly noted that 75 % of the Opishnia oil and gas condensate field are operating at gas velocities inadequate for fluid removal from the productive horizon to the tubing and 35 % in the tubing interval, 71 % of the wells of the Western arch of Berezivka GCF with gas velocities insufficient to carry out liquid in the interval from the production horizon to the tubing shoe, whereas in the coiled tubing interval, all wells operate at gas velocities sufficient to supply the liquid bones, 60 % of the wells of the Kotelva gas condensate field operate at gas velocities inadequate for fluid removal from the production horizon to the tubing shoe, 50 % in the tubing interval and 28 % of the wells operate in a single-phase flow in the interval from the productive horizon to the tubing.
A graph of inflow-outflow of fluid at the node at the bottom of well No. 1 of the Opishnia oil and gas condensate field, taking into account its safe operating conditions for the actual well design, is shown in Fig. 6 . Analyzing graphs of inflow-outflow of fluid it is observed that the inflow-outflow node of the majority of wells of the group of deposits in question falls outside the safe range of operating conditions, primarily due to the insufficient gas flow rate in the wells. The required flow rates of the wells providing sufficient upstream velocity for complete liquid transfer are presented in the results of [10] .
Optimization of the operating modes of the "formation-MF" system
Optimization of the system involves performing a nodal analysis at points in the system to obtain information about the behavior of the system in the following cases:
-optimization of the operation of the collection system and inter-field transportation of gas with a reduction in the back pressure of the Solokha MF (actually reducing the working pressure in the system) and withdrawing the work of the wells to reduce operating pressure;
-optimization of the operation of the collection system and inter-field transportation of gas with the reduction of hydraulic resistance (liquid withdrawal, prevention of hydrate formation) and reduction of the counter pressure of the Solokha MF and the working of the wells to reduce operating pressure.
To optimize the operation of the collection system and inter-field transportation of gas by reducing the counter pressure at the Solokha MF, the following scenarios are considered: a) I scenario (input pressure on the BCS Solokha =12 kgf/cm², input pressure on the BCS fields =5 kgf/cm²):
Engineering -low-pressure gas of the Western arch of Berezivka GCF is supplied to the BCS of Kotelva CPU (inlet pressure =5 kgf/cm 2 ); -part of the low-pressure gas of the Opishnia gas condensate field (going around BCS Opishnia) is fed to the Solokha BCS (inlet pressure =5 kgf/cm²); -the entire gas of the Kotelva gas condensate field, the medium-high-pressure gas of the Western arch of the Berezivka gas condensate field, part of the low-pressure gas (passing through the BCS Opishnia) and the high-pressure gas of the Opishnia gas condensate field is fed through the high line of the Solokha MF (inlet pressure =12 kgf/cm 2 ); b) II scenario (input pressure on the BCS Solokha =5 kgf/cm², input pressure on the DCS fields = 5 kgf/cm²):
-low-pressure gas of the Western arch of Berezivka GCF is supplied to the BCS of Kotelva CPU (inlet pressure =5 kgf/cm 2 ); -part of the low-pressure gas of the Opishnia gas condensate field (going around BCS Opishnia) is fed to the Solokha BCS (inlet pressure =5 kgf/cm²);
-the entire gas of the Kotelva gas condensate field, the medium-high-pressure gas of the Western arch of the Berezivka gas condensate field, part of the low-pressure gas (passing through the BCS Opishnia) and the high-pressure gas of the Opishnia gas condensate field is fed through the high line of the Solokha MF (inlet pressure =5 kgf/cm 2 ); c) III scenario (input pressure on the BCS Solokha =2 kgf/cm², input pressure on the DCS fields =2 kgf/cm²):
-dismantling of the Kotelvaand Opishnia BCS; -all low-pressure gas of the Opishnia gas condensate field is supplied to the Solokha BCS (inlet pressure =2 kgf/cm²); -all gas from the Kotelvaand Western arch of the Berezivka gas condensate field, as well as the high-pressure gas of the Opishnia gas condensate field is fed through the high line of the Solokha MF (inlet pressure =2 kgf/cm²).
Calculations to optimize the operation of the collection system and inter-field gas transportation were carried out for each scenario taking into account the actual hydraulic state and subject to the reduction of hydraulic resistance (reduction of the volume of liquid contaminants due to increased loading and reduction of operating pressures). The withdrawal of wells of the Opishnia oil and gas condensate field, the Western arch of the Berezivka gas condensate field and the Kotelva gas condensate field to reduce the working pressure in the above scenarios is presented in the results [10] . The volumes of gas production in the fields as a whole and their comparative analysis, as well as the withdrawal of well work for the introduction of optimization activities are presented in Tables 1, 2.   Table 1 Volumes of gas production under the scenarios of the Opishnia oil and gas condensate field, the Western arch of the Berezivka gas condensate field, the Kotelva gas condensate field and their comparative analysis
The actual state of the system of inter-field gas pipelines As a result of simulation of the implemented methods for optimizing the operating modes of the system, the authors reproduce the inflow-outflow diagrams of the fluid at the node at the bottom of the Opishnia OGCF, the Western arch of Berezivka GCF and the Kotelva GCF, taking into account their safe operation modes for actual well designs (Fig. 7) .
The results obtained in the nodal analysis from the recall of the wells satisfy the conditions under which the flow velocity does not exceed the rate of erosion wear ( Table 2) . (taking into account the safe area of the well operation modes)
After modeling the pressure drop in the system, the authors assessed the movement of liquid stoppers and hydrate formation on the basis of the existing gas pipeline in PipeSim® Schlumberger.
To assess the movement of liquid stoppers in conditions of a decrease in the operating pressure in the system between industrial gas pipelines or changes in other operating conditions (in particular, the growth of the loading of the gas transportation system in conditions of increasing production from wells) is possible through the use of two or more simulations. The calculation Table 2 Reports on research projects (2018), «EUREKA: Physics and Engineering» Number 5
Continuation of
Engineering was carried out for the of inter-field gas pipelines Berezivka-Kotelva-Opishnia in conditions of a decrease in the working pressure from 24 to 12 atm. Estimation of contamination levels in the cavity of gas pipelines at a working pressure of 24 atm is shown in the column Total HoldUp Liquid (Total HOL) in Fig. 8 .
It is taken into account in the calculation that when the working pressure is reduced and the loading is stable, the linear gas velocities increase substantially, which will lead to a redistribution of the liquid masses. In order to visualize them, let's consider the first section in front of the entrance to the Solokha BCS, namely Opishnia -Solokha, on which 19.76 m 3 of liquid is stored.
Estimation of contamination volumes in the cavity of gas pipelines at a working pressure of 12 atm is presented in the column Total HoldUp Liquid (Total HOL) in Fig. 9 .
As can be seen from Fig. 9 , the amount of accumulated pollution in the area will decrease to 5.08 m 3 or the approximate volume of the moving bag will be about 15 m 3 . The time required for this bag to be moved by the gas flow from the lowered location of the pipeline to the inlet to the separation equipment is shown in Table 2 . The following estimates are used to estimate it:
-maximum speed, which is formed in the gas pipeline with a decrease in working pressure to 12 atm -28 m/s; -maximum speed, which is formed in the gas pipeline when working at pressures of 24 atm -4 m/s; -the average speed formed in the gas pipeline when the operating pressure drops to 12 atm -16 m/s. As can be seen from Table 3 , the expected time of fluid intake will begin 4 minutes after the operating pressure has dropped and will end after 30 minutes, during which 15 m 3 of liquid will be trapped in the separators Fig. 8 . Estimation of the approximate volume of contaminants in the cavity of the gas pipeline system at a pressure of 24 atm
Engineering Fig. 9 . Estimation of the approximate volume of contaminants in the cavity of the gas pipeline system at a pressure of 12 atm
Conclusions
These studies were implemented in the simulation simulator of static multiphase flow PipeSim® "Schlumberger" in order to evaluate the efficiency of engineering calculations in the process of production, collection and transportation of hydrocarbon products, as well as to determine the current state of the system "bottomhole -GPF" and the effectiveness of implementation of activities rationalization of three separate gas gathering systems of the Opishnia oil and gas condensate field, the Western arch of the Berezivka gas condensate field and the Kotelva gas condensate field, as well as the operation of the system of inter-field gas gas pipelines to a final collection point Solokha MF(BCS Solokha).
1. At the first stage, the authors created dynamic fluid models (Р-Т) for each well with the curves of condensation of heavy hydrocarbons and moisture, hydrate formation, ice formation. Well models with the technical characteristics of the casing string, tubing and well equipment, inclinometry and well flow curves are constructed on the basis of well research results. After that, models for gas gathering and gas transmission systems were created, linking to the GisMap service area, constructing route profiles, assessing the state of insulation, heat exchange with the environment in accordance with the actual depth of the pipelines. Then, the well models and the gas transmission system were reconciled at control points (in particular, the GPF) in accordance with the selected backpressure point. At the end of this stage, the models were calibrated in accordance with the data of industrial studies and current operating modes of the wells and gas gathering system.
2. Nodal analysis is performed to obtain the intersection point of the inflow curves and the outflow curves in accordance with the current or simulated technological mode of operation. The pressure and temperature (P-T profile) graphs are plotted along the wellbore height, along the length of the borehole and the inter-field pipeline. The structure of the multiphase flow is determined, the volume of liquid in the wellbore is determined, along its bottom (loading of the well through the liquid), in the lowered areas of the trains and inter-field gas pipelines. The high-speed mode of operation of the system with checking the speed of erosion and corrosion destruction of pipelines is determined. The optimal and safe operating conditions of the well in the envelope of permissible parameters are determined: depression, working pressure at the wellhead, erosion failure rate, liquid accumulation at the bottom.
3. In order to optimize the gas production, collection and transportation system, the reaction of the wells (gas, condensate and water productivity) is evaluated to reduce the working pressure in the gas transmission system (change in the backpressure in the system).
4. The review of the systems for collecting gas, its inter-field transfer, field preparation, compression and supply to the gas transportation system is estimated, and the following list of integrated measures is envisaged:
